• This study was aimed at analyzing the association between use of hair dyes and the pathogenesis of non-Hodgkin's lymphoma (NHL) based on published research. Basic research indicates that ingredients in hair dyes increase the risk of NHL and clinical studies suggest that hair dyes are risk factors for NHL, especially in women.
Introduction
Non-Hodgkin's lymphoma (NHL) is a malignant tumor that originates from lymph nodes and lymphoid tissues. In recent years, the global morbidity of NHL has exhibited a tendency for gradual increase [1] . Although previous studies have found that infection, drugs, and immunity play a significant role in NHL-generating pro- cesses [2] , merely a small part of NHL cases can be explained, and researchers continue to fail to fully explain the pathogenesis of NHL.
As a hairdressing product, hair colorants are popular worldwide, and consumers of these products in China are also increasing. These can be classified as temporary hair colorants, semipermanent hair colorants, and permanent hair colorants. This differentiation is mainly based on the diverse chemical ingredients, including phenylamine derivatives, hydrogen peroxide oxidants, and p-aminophenol, etc. [3] . According to genotoxicity studies and animal experiments, hair colorants contain ingredients with potential carcinogenic risks [4] [5] [6] .
In the past 20 years, epidemiological investigations have indicated that the application of hair colorants is associated with the development of carcinoma of the urinary bladder, breast cancer, and hematological malignancy [7] [8] [9] . In a study conducted by Grodstein et al. [10] no association was found between the risk of developing NHL and hair colorants. However, a 15-year case control study carried out by Zhang et al. [11] suggested that hair colorants may be considered as playing a role in the development of NHL. The possible factors that gave rise to such a difference between these 2 studies are research methodology, subject selection, scale, classification of hair colorants, and frequency of use. Consequently, it remains disputed whether the use of hair colorants increases the onset risk of NHL. This study describes a metaanalysis on relevant publications with the objective of ascertaining whether the use of hair colorants is a risk factor for onset of NHL.
Materials and Methods

Article Retrieval Strategy in Line with the "PICOS" Principle
Article retrieval was performed by 2 independent researchers. The following key words were used for the search: (Non-Hodgkin lymphoma OR Lymphoma OR NHL) AND (hair dye OR hair colorants OR hair coloring OR hair coloring agent OR hair color/ colour) AND (risk OR incidence) AND (cohort OR case-control study). The PubMed, Embase, Cochrane Library, and Web of Science databases were searched using these key words in the English and Chinese language to collect articles relevant to case control studies and/or cohort studies related to NHL and hair colorants. No language or data limits were set. Furthermore, the bibliographies of all incorporated articles were also retrieved.
Inclusion and Exclusion Criteria
The articles incorporated in the present study conformed to the following standards: (i) the study should be a case control and/or cohort study; (ii) hair colorant use and NHL risk factors should be evaluated in these articles; (iii) odds ratio (OR) and 95% confidence interval (CI) for exposure factors should be provided in the articles, or raw data should be provided for calculating the OR and 95% CI, and (iv) in terms of reports from diverse years on an identical study, the latest or best report should be adopted. Articles that were excluded from our study included: those with unavailable raw data; articles which presented animal experiments; reviews or duplicate publications; articles that did not distinguish HL from NHL, or for which NHL was not an outcome indicator. If bifurcation occurred during the collection of articles, corresponding guidance was provided by a third researcher to reach a conclusion based on consensus.
Data Extraction and Quality Assessment
The extracted data should include the name of the first author, publication time, region, research duration, type of study design, gender, age, sample size and control groups, and regulation factors. Finally, cross-footing was carried out; the data were assessed by a third assessor to correct possible errors. For disputes, relevant specialists were consulted for settlement.
The assessors conducted methodological quality assessments from 3 perspectives: study population selection, comparability among groups, and exposure factor measurement of the incorporated articles. These were performed in strict accordance with the Newcastle-Ottawa Scale. Finally, a subgroup analysis was performed in terms of hair colorant usage type, gender, region, article research type, and quality grading for selected studies.
Statistical Analysis
The low morbidity and relative risk of NHL reported by the cohort studies was roughly equivalent to the ORs of the case control study. Hence, the cohort and case control studies were combined, and the unadjusted and adjusted ORs were all applied into the meta-analysis. In one study, OR was considered as a generic term signifying the relative risk, risk ratio (RR), and rate ratio [12] .
Each effect size of this study was based on the calculated and adjusted OR and 95% CI, while a fixed or random-effects model on heterogeneity was adopted, which was analyzed by Q-test and I 2 . A heterogeneity Q-test without statistical significance (p > 0.05 or I 2 < 25%) indicates that preferable consistency exists among researches. Hence, the Mantel-Haenszel method of the fixed-effects model or DerSimonian-Laird method of the random-effects model could be employed [13] . The statistical analysis for all data was performed on Stata 12.0 (Stata, College Station, TX, USA), together with the sensitivity analysis of all incorporated articles. In addition, a funnel plot and Egger's/Begg's correlation tests were used to assess whether any bias was present in the incorporated articles [14] .
Results
Article Retrieval and Screening
The present analysis was associated with 303 research articles related to hair colorants and NHL. Among these, 12 articles were in Chinese, while 291 articles were in English. Conforming to the incorporation of articles and exclusion criteria, 255 overviews or case reports and irrelevant articles were excluded after preliminary screening DOI: 10.1159/000496447 by reading the titles and abstracts. Furthermore, 53 related articles were additionally incorporated, including 8 articles that provided no accurate and detailed data, 13 articles that considered HL as the outcome indicator, 12 articles that pertained to other diseases, and 4 articles that did not provide 95% CI of OR/RR. After the collection and settlement of articles, a total of 16 were found to be consistent with the analysis in the present study. Among these articles, 13 were case control studies [6, 7, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , while the remaining 3 articles were cohort studies. Details for retrieval and screening are presented in Figure 1 .
Document Characteristics
For the fundamental characteristics of these 16 incorporated articles, the corresponding details are presented in Tables 1 and 2 . The fixed number of years of publication ranged from 1988 to 2015 for all included articles, in which 3 were from Asia, 9 were from North America, and 4 were from Europe. In terms of study type, 13 articles were case control studies (Table 1 ) and 3 articles were cohort studies (Table 2 ). These 13 case control studies included a total of 10,399 patients and 20,013 controls. In addition, subjects in 5 control groups were inpatients, while subjects in 8 groups were from the general population. This study involved 720,019 research participants (including those using or not using hair colorants), and the duration of the follow-up visits lasted for 4-24 years. In addition, 928 NHL cases were also reported. Concerning the meta-analysis, the corrected OR and its 95% CI were extracted from 3 articles. Three articles provided complete data in relation to females, 2 were targeted at males, and the remaining 11 contained data for both females and males. The details are presented in Tables 1  and 2 .
For the definite NHL diagnosis incorporated in the articles, this was performed through case history and pathologic histology. For the adoptions of hair colorants, 6 items were in the form of a questionnaire, 4 items were in the form of telephone follow-up investigations, and 6 items were in the form of face-to-face surveys (Tables 1  and 2 ).
Relationship between Hair Colorant Use and NHL Risk Assessment
The Q-value for the 13 case control study articles incorporated in this study was 123.4 through the heteroge- neity test (p < 0.1, I 2 = 70.4%), indicating that heterogeneity exists among these studies. When the random-effects model was employed to perform the meta-analysis, the corresponding results revealed that hair colorants are able to significantly increase the risk of onset of NHL (OR 1.12, 95% CI 0.99-1.26). These results were similar to the effect size achieved by the fixed-effects model merged and employed through the sensitivity analysis (OR 1.13; 95% CI 1.01-1.28), and both were statistically significant. Hence, the analysis carried out in the present study was rather stable and credible (Fig. 2) .
In addition, the 3 cohort studies incorporated in the present study had the following values: OR 1.09, 95% CI 0.61-1.92; OR 1.10, 95% CI 0.80-1.60; OR 1.10, 95% CI 1.00-1.30. Relying on the meta-analysis approach mentioned above, 13 case control studies and 3 cohort studies were ultimately combined. I 2 was 79.7%, indicating that there was heterogeneity among these diverse studies. Based on the random-effects model, OR was 1.14 and 95% CI ranged between 1.01 and 1.29, which was statistically significant. These results are presented in Figure 3 .
Subgroup Analysis
Gender The OR value of NHL was 1.38 (95% CI 1.01-2.20) for female hair colorant users, which was higher than that in male users (OR 1.04, 95% CI 0.86-1.25; p < 0.01). With regard to studies that covered male and female gender, 
Region
Concerning the regional differences in these 16 articles, and relative to the OR values obtained from North America (OR 1.16, 95% CI 0.97-1.80) and Europe (OR 1.07, 95% CI 0.72-1.43), the OR value from Asia was 1.27 (95% CI 0.94-1.92). This indicates that NHL onset is associated with hair colorants, and there were no prominent differences among these (p < 0.01).
Study Type
The OR value of the case control study or cohort study was 1.13 (95% CI 0.86-1.84) or 1.16 (95% CI 0.91-1.69), respectively. Consistent with this result, the risk was deemed to be significant. Nevertheless, certain heterogeneity existed among these cohort studies (p ≤ 0.04).
Frequency of Use of Hair Colorant
The duration of use of hair colorant recorded in these articles was divided into 3 groups: < 10 years, 10-20 years, and > 20 years. For usage of no less than 10 years, the corresponding OR of NHL was 1.19 (95% CI 0.90-1.88). In contrast, in people who used hair colorant for 10-20 years and > 20 years, the OR values for this risk were 1.20 (95% CI 1.02-1.95) and 1.34 (95% CI 1.04-1.92), respectively. In line with these results, it was found that publication bias provided the heterogeneity (I 2 = 78.1%). On this basis, we can speculate that the duration of use of hair colorants is linked to the onset of NHL to a certain degree.
Research Quality Studies have shown that the quality of articles may not give rise to significant differences in evaluations on the association between hair colorant use and NHL. For studies with high and medium qualities, the OR value was 1.23 and 1.19, respectively. This indicates that hair colorants are associated with NHL, and that there were no significant differences among these relevant studies (p < 0.01, in all cases).
Source of the Research Sample
The combined OR value for a study that included inpatients was 1.20 (95% CI 0.84-1.69), while it was 1.14 (95% CI 0.84-1.38) for studies that considered the gen- eral population as the control group. However, the difference was not statistically significant (I 2 = 36.5%).
Publication Bias and Sensitivity Analysis Basically, no significant graphic and statistical bias was identified through the rank correlation analysis (Begg's method) of the funnel plot (Fig. 4) . In addition, according to Begg's rank correlation check, articles that involved hair colorant use and NHL risk meta-analyses also revealed no obvious publication bias.
Discussion
Since the 1950s, hair colorants have been extensively used and have become increasingly popular among the youth. These colorants can be divided according to coloring time: permanent, semipermanent, and temporary hair colorants [4, 17, 26] . Some components with deformed carcinogenic ingredients, such as propylene glycol, sodium carbonate, toluene, and p-phenylenediamine, have attracted attention, and people have been made aware of their harmful health effects. Earlier studies on hair colorants found that these ingredients may likely induce lymphoma, carcinoma of the urinary bladder, and breast cancer [3, 8] .
P-phenylenediamine, as the major component of frequently used oxidation hair colorants, has an extremely strong affinity for keratin in hair, and the color fixation process is also the oxidation process of p-phenylenediamine [27] . It is not only the most effective component of hair colorants, but also poses severe health hazards; pphenylenediamine can increase the risk of breast cancer and pituitary tumors. In 2007, a study on p-phenylenediamine dosage [28] indicated that continuous exposure to p-phenylenediamine in large or small doses can lead to toxicity accumulation in the skin, which exerts an adverse impact on human health. Thus, it is apparent that hair dyes are inherent with potential toxic effects. In addition, due to heating during the application of hair dyes, the concentration of hair dye raw material increases; when colorants are used frequently, chlorobenzenes may be induced to penetrate into the blood circulation through the scalp and may reach the bone marrow. On this basis, hair colorant components are speculated to act on hematopoietic stem cells and the bone marrow microenvironment for a long period of time, which further damages the former and incurs variations in the latter [29, 30] . Research has shown that some enzymes and genes are changed during the process of hair coloring, which may induce disorders of the lymphatic system, followed by lymphoma [6, 27] .
The results of the present meta-analysis show that relative to the group of subjects that did not use any hair colorants, the use of hair colorants was correlated to the onset of NHL to a certain extent. When compared with male users, female users have a higher risk of NHL. This potential influencing factor may be due to a larger base of female subjects in this analysis, together with the higher frequency of using these products. From the perspective of duration of use hair colorant, the duration is linearly related to NHL risk, especially for those who have used hair colorants for more than 20 years. Hair colorants reported by studies before 1998 were strongly associated with NHL, and the corresponding reason may be the raw material and its processes. Although these incorporated articles had diverse study design types, the diversity factor between these articles was not large.
Due to the large sample sizes in recent articles, the results of the present study are significant. In the present report, the risk assessment for hair colorant use and NHL was thoroughly studied based on the subgroup analysis of region, gender, and use frequency. However, there were limitations in gathering previously published articles and performing the meta-analysis. First, the study objects in the present study were from articles published in English or Chinese. Although no bias was discovered by Egger's test, it could not be concluded that all articles are independent of any potential bias. Second, in the articles included in this analysis, various questionnaires were specifically designed for hair colorants; differences in color and coloring time of hair colorants may have caused the evaluation to be incorrect. Furthermore, telephone or E-mail follow-ups for hair colorant use were also provided with bias. Third, considering the small quantities of some of the subgroup analysis data, bias may exist despite the fact that it was carried out in strict accordance with the design criteria. Finally, the article types incorporated into the present study were case-control and cohort studies. Hence, methodological discrepancies and confounding factors would have likely affected the final outcome. The limitations mentioned above weaken the association between hair colorants and NHL to a certain degree, although without influencing the results of the entire meta-analysis. Overall, and in the majority of the subgroup analysis, no prominent heterogeneity existed among the studies. In addition, the present study does not have publication bias.
Conclusion
The present study reveals that in comparison with male users of hair colorants, females have a higher risk of onset of NHL. In addition, within a certain period, the use of hair colorant positively correlated with the risk of onset of NHL, especially when the duration of use exceeded 20 years, which may give rise to increased risk of onset of NHL. Therefore, exposure to hair colorants should be reduced as much as possible, especially in the population that frequently uses hair colorants or has used these colorants for longer durations. Alternatively, the use of relatively safe hair dyes obtained from plants can be recommended.
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